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Description 

This invention relates to thickness measuring 
systems, and more particularly to non-nuclear cali- 
per-type systems capable of accurate determina- 
tion of the thickness of a running web. 

BACKGROUND OF THE INVENTION 

Measurement of web thickness is important in 
many industrial process applications for various 
purposes such as, for example, process control or 
quality assurance. Various systems have been de- 
vised for measuring the thickness of running webs 
of material, and often such gauges are mounted 
such that they can traverse the moving web across 
its width to provide a profile of web thickness. 

One of the techniques used heretofore in mea- 
suring web thickness has employed nuclear 
gauges. Such nuclear gauges usually include a 
beta source mounted on one side of the web and a 
detector on the other for detecting emitted radiation 
not attenuated by the web. Nuclear thickness 
gauges are preferred in some applications but they 
have their drawbacks. Among the disadvantages is 
the reluctance of certain industries to allow use of a 
source of nuclear radiation. A second feature which 
is objectionable in some industries is the fact that 
nuclear detectors primarily measure density, and 
therefore the thickness estimates they produce are 
indirect. Accordingly, if the density of the material 
being measured varies, the accuracy of the thick- 
ness measurements will also vary. Pass line vari- 
ations, i.e., variation in tne position or tne moving 
web with respect to the detector, can also be a 
problem. 

Conceptually, ultrasonic gauges can be useful 
in measuring web thickness since they are capable 
of accurately detecting the distance between the 
sensor and the surface of the web at which they 
are directed. However, when ultrasonic sensors are 
put into a traversing mechanism for scanning 
across the web, the expected variation (even in a 
high quality traversing arrangement) of the scan- 
ning head with respect to the web. can introduce a 
degree of error which completely masks the nomi- 
nal accuracy of the transducers. For example, if it 
were desired to scan a web of nominal 100 mil 
thickness with a 1% accuracy, it would be neces- 
sary to provide a traversing mechanism with a 
worst case positional variation of ±0.5 mils. How- 
ever, the best case that might be expected is a 
variation in the range of ±10 mils or more, making 
it impossible to measure a 100 mil web with any- 
thing better than ±10% accuracy. Traversing ultra- 
sonic gauges might be useful when measuring 
substantially thicker webs (on the range of inches) 
where a 10 mil variation in the traverse mechanism 



is a small percentage of the total thickness. In 
some cases, it is possible to produce an "air pro- 
file" intended to compensate for positional vari- 
ations in traverse, but that approach presumes that 

•5 the variations are repeatable from traverse to tra-- 
verse, and does not take account of any non- 
systematic variations. Thus, at least for thin webs, 
ultrasonic sensors have not provided the simplicity 
combined with accuracy which has been desired. 

70 Another type of thickness sensor which has 

been employed commercially is illustrated in Horn 
et al. U.S. patent 3,617,872, assigned to the same 
assignee as the present invention. The system 
disclosed in that patent utilizes an eddy current 

75 sensor mounted on one side of the web, a metallic 
support on the other side of the web, and an air 
cushion supporting the head containing the eddy 
current sensor at a predetermined distance above 
the web. The eddy current sensor detects the 

20 distance between itself and the metallic support 
and, based on the assumption that the air cushion 
is always of the same thickness, is therefore a 
measure of web thickness. Such a system is not as 
easily implemented as might be desired in many 

25 circumstances and is also of less accuracy than 
desired. 

.U.S. patent 4,311,392 relates to thickness mea- 
suring apparatus and proposes a system utilizing 
both laser optics and an eddy current detector in 

30 the same measuring head. The proposed system 
utilizes laser optics for detecting the position of the 
front surface of the web, a backing roll for support- 
ing the rear surface of the web, and an eddy 
current aetector tor proaucing a measurement re- 

35 lating to the distance between the head and the 
surface of the backing roll. Outputs of the two 
detectors are combined to produce a measure of 
sheet thickness corrected for variations in posi- 
tional relationship between the backing roil and the 

40 measuring head. Apparent problems with the sys- 
tem can arise from using relatively complex optical 
systems in an industrial environment and the ne- 
cessity for keeping the optics clean. The require- 
ment that the optical source and detector be sepa- 

45 rately positioned to employ substantially different 
optical paths not only makes the system complex 
and potentially difficult to align, but the manner in 
which the complex optical path is associated with 
the eddy current sensor can render the system 

so subject to inaccuracies due to relatively minor me- 
chanical misalignment. 

U.S. Patent 4,276,480 relates to various forms 
of thickness measuring apparatus. Among the dia- 
grams is Fig. 7 which illustrates a two head system 

55 for sensing both sides of an unsupported web, but 
using relatively complex optical paths and indirect 
sensing of independent reference lines, requiring 
the use of four optical light paths in all. The com- 
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plexity would appear to relate not only to setup and 
maintenance, but would likely also affect the accu- 
racy obtainable from a device constructed as dis- 
closed. 

Published UK patent application GB 2,217,835 
A discloses a thickness measurement device which 
includes, in one embodiment, two reflectance sen- 
sors (which may be optical or ultrasonic) for detect- 
ing the position of the respective sides of the web, 
and a transmission sensor, preferably an eddy cur- 
rent sensor, for measuring the total distance of the 
gap between the sensors. The apparatus is said to 
be capable of achieving accuracies on the order of 
1 or 2 microns. The measuring head or heads are 
mounted in a frame in such a way that they can 
"move along the frame". For any given measure- 
ment, the eddy current sensor measures the total 
gap dimension, which is said to be a constant, 
while the reflection sensors measure the distance 
to the respective surfaces of the web, so that a 
difference calculation determines the thickness of 
the web. The device is said to be mounted on the 
frame so that it can be moved relative to the object 
to be measured at different points. 

In particular, GB 2,217,835 A discloses these 
features in the preambles of claims 1 and 6. 

U.S. patent 4,773,760 discloses a procedure 
and method for measuring the thickness of a film- 
like or sheet-like web. A pair of measuring heads 
each have a light source and a receiver, apparently 
disposed so that the web is illuminated obliquely, 
causing the transmission and receiving paths to be 
different. A sensor such as an eddy current sensor 
senses the relative position between the sensing 
heads so as to provide a measure of the total 
dimension of the gap. Processing means performs 
the computation which attempts to correct thick- 
ness measurements generated by the optical de- 
vices for changes in the gap. 

Many of the thickness measuring systems 
known heretofore have been specially suited to 
their particular environment but have had little flexi- 
bility in adaptation to meet differing requirements. 
Thus, for example, the system of the aforemen- 
tioned 4,311,392 patent would not appear to be 
suitable to a simple, accurate non-backing roll envi- 
ronment. The system described in the aforemen- 
tioned U.S. Patent 3,617,872 is of limited flexibility 
because of requirement for both pneumatic and 
electronic systems and the backing plate for riding 
against the rear of the web. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is a general aim of 
the present invention to provide a thickness mea- 
suring system which utilizes direct measurement of 
web thickness, but which is substantially more ac- 



curate and reliable than systems proposed here- 
tofore. 

In that regard, it is an object of the present 
invention to provide a non-nuclear web thickness 
5 measuring system of the two-head caliper type 
which increases reliability and accuracy by ac- 
counting for positional variations between the 
heads which might be encountered in practice. 

In that connection, it is a related object to 

70 provide a traversing web thickness measuring sys- 
tem in which variations in measuring head position 
over the course of the traverse are accurately ac- 
counted for by maintaining a measure not only of 
head to web surface dimension but also of gap 

75 dimension. 

A more detailed object is to provide a web 
thickness measuring system which utilizes a pair of 
measuring heads which can be traversed across 
the web in unison, each of the heads including 

20 sensors operating on energy reflected from the 
web in order to sense the respective surface posi- 
tions of the web, and at least one of the heads 
including a sensor operating on a type of energy to 
which the web is transparent in order to provide 

25 information on the positional relationship between 
the two heads. 

According to one particular aspect of the inven- 
tion, an object is to increase the accuracy and 
reliability of a single head web thickness measuring 

30 system by utilizing a pair of sensors in the same 
measuring head whose positional relationship is 
optimized to produce thickness readings of maxi- 
mum accuracy. 

In accordance with a preferred form of the 

35 invention, there is provided a non-contact caliper- 
type gauge for measuring the thickness of a run- 
ning web. The preferred form includes a pair of 
scanning heads mounted for traverse on opposite 
sides of the running web to form a gap, the ap- 

40 proximate size of which is known. A reflectance 
transducer is mounted in each of the heads and 
. directed at the gap for measuring the distance 
between the associated head and the facing sur- 
face of the web by means of energy emitted from 

45 the transducer and reflected from the facing sur- 
face of the web. A transmission transducer is posi- 
tioned in one of the heads for measuring the total 
gap dimension between the heads by means of 
energy transmitted through the web. Processing 

so means determines and outputs web thickness mea- 
surements based on the reflectance transducer de- 
terminations of the distance to the respective sur- 
faces of the web as modified by the transmission 
transducer determination of the total gap dimen- 

55 sion. 

In its preferred form, the reflectance trans- 
ducers are ultrasonic transducers which transmit 
pulses of ultrasonic energy toward the web and 
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detect ultrasonic energy reflected from the web 
along substantially the same path. The transmis- 
sion transducer in such preferred embodiment is 
an eddy current sensor which responds to the 
metallic or conductive surface of the opposed head 
to provide a measure of the gap dimension be- 
tween the heads. 

It is a feature of the invention that the system 
is easily retrofit on existing equipment and can 
operate reliably in an industrial environment with 
little care, due to the highly reliable ultrasonic tran- 
sducers for detecting the surfaces' of the web, and 
•the eddy current transducer which continuously 
monitors gap dimension. 



While the invention will be described in con- 
nection with certain preferred embodiments, there 
is no intent to limit it to those embodiments. On the 
contrary, the intent is to cover all alternatives, 
5 modifications and equivalents included within the 
scope of the invention, as defined by the appended 
claims. 

DETAILED DESCRIPTION OF THE PREFERRED 
70 EMBODIMENTS 

Turning now to the drawings, Fig. 1 shows, in 
partly schematic perspective, a web caliper mea- 
suring system exemplifying the present invention. 
Fig. 2 illustrates the same embodiment in elevation. 
Referring concurrently to those figures, it is seen 
that there is provided a measuring system gen- 
erally indicated at 10 which includes a pair of 
measuring heads 12, 13 arranged in opposed rela- 
tionship across a gap 14 which is intended for 
passage of a web 16 whose thickness or caliper is 
to be gauged. 

In practicing the invention, the thickness mea- 
suring system 10 derives positional information re- 
garding the surfaces 17, 18 of the web 16 by 
means of energy reflected from those surfaces, 
and uses that information to determine the web 
thickness, i.e., the distance between the surfaces 
17, 18. In the preferred practice of the invention, 
ultrasonic transducers are utilized, although in cer- 
tain cases other types of reflectance devices such 
as optical devices might be used. 

It is seen in Figs. 1 and 2 that each of the 
measuring neaas i^, io is provided wiih an uiua- 
sonic transducer 20, 21, respectively mounted in 
the measuring head 12, 13 in a predetermined 
relationship to mounting surfaces 22, 23. The 
mounting surfaces 22, 23 are preferably substan- 
tially planar and mutually facing. Fig. 2 illustrates 
that the ultrasonic transducers 20, 21 are thus 
mounted to face opposed surfaces 17, 18 of the 
web 16. Mounted within the ultrasonic sensors 20, 
21 are transducers 20a, 21a, respectively, which 
emit pulses of ultrasonic energy in a direction 
substantially normal to the web. In the illustration of 
Fig. 2, the transducers are shown as dotted rectan- 
gles 20a, 21a located in the enlarged portion of the 
transducer housing coupled to the mounting sur- 
faces 22, 23, respectively, by means of tube mem- 
bers 20c, 21c. The tubes 20c, 21c are adapted to 
provide a predetermined distance between the 
transducer and the measuring zone; it will be ap- 
preciated that the transducers can be mounted in 
any convenient location, with the pulse reception 
and timing being arranged to produce a signal 
which is representative of the distance between a 
known reference in the measuring head 20, 21, and 
the facing surface 17, 18, respectively, of the web 



It is a subsidiary feature of the invention that is 
the information produced by the sensors for detect- 
ing the opposite surfaces of the moving web is also 
processed to determine the web passline or de- 
viations from the web passline in order to apply 
passline corrections when appropriate. 20 

In a more limited aspect, the invention provides 
a system where only a single traversing head is 
utilized to measure the. thickness of a web sup- 
ported on a metallic backing roll. In such system, 
an ultrasonic transducer mounted in the head 25 
directs ultrasonic pulses of energy at the web, 
detects reflected energy from the web surface, and 
determines the dimension between a reference in 
the head and the facing web surface. An eddy 
current sensor also mounted in the scanning head 30 
measures the dimension between a reference in 
the head and the surface of the metallic backing 
roll. Output means processes the signals produced 
Dy me two transoucers to aeiermine a measure or 
the thickness of the web. The sensors are mounted 35 
coaxially with the ultrasonic sensor being central 
and surrounded by the eddy current sensor to 
accommodate for slight misalignments in the scan- 
ning head while maintaining maximum precision. 

Other objects and advantages will become ap- 40 
parent from the following detailed description when 
taken in conjunction with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Figure 1 is a perspective diagram illustrating a 
web thickness measuring system exemplifying 
the present invention; 

Fig. 2 is a front elevation of the system of Fig. 1 ; 
Fig. 3 is a diagram better illustrating the geome- 50 
try of detection of the system of Figs. 1 and 2; 
Fig. 4 is a diagrammatic view illustrating a sec- 
ond embodiment of the present invention; and 
Fig. 5 is a block diagram better illustrating the 
signal processing means which produces ac- 55 
curate measurements of web caliper from the 
sensor signals. 
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16. The location of the reference is unimportant so 
long as it remains constant for the system. For 
ease of understanding and visualization in explain- 
ing the present invention, the surfaces 22, 23 are 
taken as illustrative of the reference, although as 
described above the reference position can be 
scaled for a location more convenient to the elec- 
tronics, when desired. 

As noted above, each of the transducers 20a, 
21a emits pulses of ultrasonic energy toward the 
facing surface of the web 16. Preferably, the same 
transducer is utilized to sense energy reflected 
from the facing surface. Signals are coupled by 
means of respective cables 25, 26 from the ultra- 
sonic transducers to electronic circuit boards 27, 
28. Circuitry in the electronic circuit boards 27, 28 
controls the generation of pulses, the detection of 
reflected pulses, and measures the timing between 
the initiation of transmission of a pulse and the 
detection of a reflection as a measure of the dis- 
tance between the reference associated with the 
particular sensor and the facing surface of the web. 
The processed signals originating from the respec- 
tive transducers are coupled via associated cables 
30, 31. (see Fig. 1) to a processor 32 which utilizes 
those signals to produce a measure of the distance 
between the facing surfaces 17, 18, or, in other 
words, the caliper of the web. The processor 32 
produces such a result and outputs it to an output 
means 34 in any convenient format. The output 
mechanism 34 in Fig. 1 is shown as a display 
device which can be a visual display, or a record- 
ing type display such as a magnetic tape or mag- 
netic disc. The output device can also, of course, 
take the form of a process monitor or process 
control computer system which utilizes the data for 
process condition monitoring, closed loop control 
of the system which produces the web, quality 
control monitoring, and the like, all as is well known 
in this art. 

As thus far described, the system of Figs. 1 
and 2 is capable of deriving information with re- 
spect to the distance between references in the 
two heads and the facing surfaces in the web, and 
can thus compute a measure of web thickness, but 
a measure which is not compensated for is vari- 
ation in positional relationship between the two 
sensing heads. In accordance with the invention, 
means are provided for continually monitoring the 
dimension of the gap between the two transducers 
in order to accurately produce measurements of 
web thickness which are corrected for any system- 
atic or non-systematic deviations in the distance 
between the two measuring heads. 

Digressing for a moment, it is noted in Figs. 1 
and 2 that the measuring heads 12, 13 are moun- 
ted in a pair of channels 40, 41 which allow tra- 
verse of the measuring heads across the width of 



the web so as to allow production of thickness 
profiles of the web across its width. The channels 
40, 41 and the mounting arrangements for the 
heads 12, 13 in those channels is illustrated only 
5 schematically. Such arrangements are commercial- 
ly available, and are sometimes referred to in the 
art as O-frames. Such O-frames provide mounting 
for the respective heads and a drive which causes 
traverse of the heads in unison across the width of 

10 a machine, such as a papermaking machine. The 
dotted line connection 44 in Fig. 2 is intended to 
Nlustrate that the heads, although mounted inde- 
pendently in their respective brackets 40, 41 are 
intended to traverse together across the width of 

75 the machine in order to produce web thickness 
profiles. It will be appreciated that even the most 
highly machined and stabilized O-frame members 
can allow relative movement between the heads 
12, 13 during a traverse which should be expected 

20 to produce positional variations between the heads 
of 0.010 inches or more. Other factors normally 
associated with the industrial environment such as 
vibration, temperature variations, and the like could 
be expected to compound this error. It will thus be 

25 appreciated that if the heads were allowed to tra- 
verse the width of the machine without any correc- 
tion, errors of a magnitude which are unacceptable 
in many industries would result. 

Thus, in practicing the present invention, sen- 

30 sor means are associated with the pair of scanning 
heads in order to produce a signal related to the 
actual distance between those heads at any par- 
ticular point in their traverse, such that the distance 
information can be combined with thickness mea- 

35 surements taken more or less contemporaneously 
to produce a corrected measure of web caliper. In 
the illustrated embodiment, the distance sensing 
means includes a transducer 50, preferably an 
eddy current transducer, which operates on energy 

40 to which the web 16 is transparent, and to which 
the opposed measuring head 13 is not. An eddy 
current sensor can be conceptualized as a mag- 
netic coil serving as a primary. The position of the 
movable secondary, in this case the measuring 

45 head 13, serves to control the magnitude of the 
voltages and currents in the primary, which thus 
are a measure of the distance between the measur- 
ing heads. 

It is significant that the head 13 is shaped to 
so provide an attribute which is reliably and conve- 
niently sensed by the detector 50. In the illustrated 
embodiment, when using an eddy current sensor 
50, the head 13 is shaped such that a planar 
surface 23 of conductive metal is disposed in a 
55 plane substantially parallel to the eddy current sen- 
sor 50, such that the plane of metal as it ap- 
proaches or moves away from the eddy current 
sensor 50 is accurately sensed. It is also notewor- 
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thy that the arrangement is capable of directly 
sensing the gap between the two heads, rather 
than providing an indirect measurement by way of 
sensing respective reference lines. A cable 52 cou- 
ples the eddy current sensor to the circuit board 27 5 
such that the electronic circuitry of the circuit board 

27 converts the signal to data relating to the dis- 
tance between the reference planes in the two 
measuring heads 12, 13. While it is convenient to 
think of that distance as the distance between the io 
planar surfaces 22, 23, as noted above any conve- 
nient imaginary reference plane in the system can 

be utilized so long as the processor 32 takes 
account of the distance information produced by 
the ultrasonic sensors on the one hand and the gap 15 
sensor on the other to produce information which 
leaves as a result of the computation, only the 
thickness of the web 16. 

The manner in which that is accomplished will 
be better understood with reference to Fig. 3, 20 
which illustrates the geometrical relationship be- 
tween the detectors and web in the system of Figs. 
1 and 2. Ultrasonic sensors 20, 21 are shown as 
facing the web 16. Double-headed arrows 20b, 21b 
illustrate the paths for ultrasonic energy for the 25 
respective transducers. Since the transducers are 
positioned substantially normal to the facing sur- 
face of the web, the path of incidence and the path 
of reflectance are substantially the same. If it is 
possible, of course, to utilize separate transducers 30 
for transmission and reception in each ultrasonic 
sensor, and the paths then would obviously be 
non-coincident. However, Fig. 3 shows the pre- 

»■-.•.--• ' f »i- - x- _ _ ii. . _ _ j. 1 . _ 
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coincident. 35 

Referring to ultrasonic sensor 20 in particular, 
the transducer 20a, which is the transmitting and 
receiving element in the sensor, is caused to emit 
a pulse of ultrasonic energy toward surface 17 of 
the web 16. At the time the pulse is emitted, a ao 
timer within the circuitry 27 is initiated. The radi- 
ation travels toward the web as indicated by the 
arrow 20b, and is reflected from the surface 17 of 
the web back toward the transducing element 20a 
of the sensor 20. Receipt of reflected energy at the 45 
transducing element 20a of the sensor 20 halts the 
timer within the circuitry 27. Since the velocity of 
sound in the medium (typically air) is known, and 
the travel time to the web and back has been 
measured, the distance between the transducing 50 
element and the web, designated di in Fig. 3 is 
calculated directly. Transducer 21 and its trans- 
ducing element 21a associated with a similar path 
for energy 21b, has its own timer on circuit board 

28 so that distance d 2 is measured in a similar 55 
fashion. It is noted that distances di and d 2 need 

not, and usually are not, the same, but that they 
are measured in the same way using independent 



transducers aimed at the respective surfaces 17, 
18 of the web 16. 

In accordance with the invention, additional 
means are provided for measuring the . total dis^ 
tance d, so that the computer associated with the 
system can operate subtractively to provide a mea- 
sure of the thickness of the web corrected for the 
actual measured distance between the transducer 
elements at the time the thickness measurement 
was taken. Stated algebraically, the web thickness 
is 

t w = d t -(di + 62) (1) 

In the preferred implementation, the distance d t is 
measured by means of an eddy current transducer 
50 fixed with respect to one of the sensor heads 12 
and adapted to sense change in position of that < 
head with respect to a reference plane 23 in the 
opposed sensor 13. The eddy current sensor is 
shown as producing lines of flux schematically il- 
lustrated at 51 which intercept the conductive me- 
tallic reference plate 23. The signal produced by 
the eddy current sensor 50 thus varies in mag- 
nitude based on the number of lines of flux cut by 
the plate 23 and thus by its relative position with 
respect to the eddy current sensor 50. Thus, the 
signal produced on output line 52 is a direct mea- 
sure of the distance d t . Alternatively, the signal on 
line 52 can be scaled to reflect a measure of the 
variation in head position from a predetermined 
nominal gap. In any event, the signal on line 52 is 
taken as a measure of gap dimension 6 U and such 

_ : 1 1 1 1 4.1 ~ _ on /rr: h \ *^ 

provide an input to the above-stated equation 1 . 
Thus, the gap dimension d, is used with the dis- 
tance signals di , d 2 produced by sensors 20, 21, 
respectively, to produce a direct measure of web 
thickness. 

Turning now to Fig. 5, there is shown a block 
diagram better illustrating the signal processing 
aspects of the invention. The diagram is segre- 
gated into four sections, with the leftmost section 
including ultrasonic transducers 20, 21, eddy cur- 
rent transducer 50, and the web 16. Sequential 
sections of the drawing represent the signal pro- 
cessing components on circuit boards 27, 28, the 
processor 32, and the output device or display 34. 

Referring in greater detail to Fig. 5, it is seen 
that that the ultrasonic transducers 20, .21 are 
coupled to control elements in the respective cir- 
cuit boards 27, 28 which include time to distance 
converters 110, 111. The time to distance convert- 
ers are illustrated as functional elements, but it will 
be appreciated by those skilled in the art that such 
elements contain the ultrasonic transmission and 
reception circuitry as well as the timer. The cir- 
cuitry functions to transmit an ultrasonic pulse cur- 
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rently with initiation of the period of a t.mer, then to 
receive the reflection of ultrasonic energy and 
thereupon terminate the interval of the timer. The 
time to distance converters 110. 111 then convert 
the measured time intervals, knowing the speed of 
sound in the medium (typically air), to compute the 
distances between a reference in the ultrasonic 
transducer and the facing surface of the web 16. 
The circuitry for controlling an ultrasonic transducer 
in that fashion is commercially available and is not 
illustrated in detail, but the blocks 110. 111 are 
intended to illustrate the performance of those 
functions. 

Because the system is intended for use m an 
industrial environment which can tolerate substan- 
tial changes in temperature, means are provided 
for temperature compensating the signals, produced 
by the ultrasonic transducer. Temperature com- 
pensation for the ultrasonic transducers is illus- 
trated by blocks 112, 113 in Fig. 5. In order to 
produce a direct measure of the speed of the 
ultrasonic pulses, the ultrasonic transducers are 
configured to transmit a pulse of energy to a cali- 
brating object at a known distance, detect the time 
interval of transmission and receipt, and use the 
known distance and measured travel time to deter- 
mine a reference signal relating to the speed of 
sound at the temperature to which the device is 
subjected. Fig. 3 illustrates a small calibrating tab 
20d associated with the sensor 20. The tab does 
not interfere in a substantial way with transmission 
of energy to the web. but does cause a reflection 
back toward the sensor. Normally, the sensor es- 
tablishes a time window for receipt of a reflection 
whose travel time would require travel to about the 
passline of the web. Thus, reflections from he 
temperature calibrating tab 20d would not be in the 
window. Periodically, however, the time window is 
adjusted to detect reflections from the calibrating 
tab 20d, and the computation made based on the 
known distance and the measured travel time to 
compute the velocity of the ultrasound pulses in 
the medium, and to then use that velocity as a 
. temperature compensated signal for calculating d, 
or d 2 , the distances to the web. 

Temperature compensation is also preferably 
provided for the eddy current transducer 50. The 
temperature compensation for the eddy current 
transducer is represented by a block ^ 
ably the temperature compensation for the eddy 
current transducer is accomplished in an analog 
fashion by a device having a temperature depen- 
dent characteristic opposite to that of the eddy 
current sensor. Such means are well known in the 
art They will not be further described herein ex- 
cept to note that they are preferably implemented 
in analog fashion by utilization of a temperature 
dependent voltage source mounted on the eddy 



current sensor such that the eddy current sensor 
produces an output signal which is temperature 
independent. As shown in the drawing, the com- 
pensated analog signal is then passed to an ana- 
5 log-to-digital converter 116 which is illustrated as 
an element of the circuit boards 27, 28, but which 
can also reside for purposes of economy in the 
computer 32. As a further alternative, the com- 
pensated signal can be combined in analog form 
,o with analog signals from the ultrasound detectors to 
produce an analog thickness signal compensated 
for gap dimension. In any event, however, the 
analog signal from the eddy current transducer 50 
as temperature compensated is utilized to produce 
,s a gap dimension d, which is processed with the d, 
and the d 2 signals to produce a measure of the 
caliper or thickness of the web. 

The elements illustrated as making up the pro- 
cessor 32 illustrate the manner in which the signals 
,0 axe combined for producing the web thickness out- 
put It is seen that a block 120 performs the com- 
putation of equation 1, i.e., subtracts from the total 
gap dimension d, the sum of the signals produced 
by the ultrasonic sensor (d, +d 2 ). In the simplest 
25 form of the invention, that thickness signal is output 
directly to display, or processor 34. The system , in 
which the thickness signal produced by block 120 
is directly output as a measure of web thickness is 
currently believed to encompass a majority of ap- 
30 plications, and will provide accuracy comparable to 
that expected from nuclear thickness gauges. How- 
ever there are a number of occasions where the 
web'is of a character which will partly interfere with 
transmission of energy through the web, and those 
3 5 applications are expected to be at least partly 
sensitive to the position of the passline. For exam- 
ple if the web is of the type which is loaded with a 
conductive polymer or has a conductive surface, 
the web will partly interfere with the coupling be- 
40 tween the eddy current sensor 50 and the opposite 
head While the conductive web will not make the 
system inoperable, it will produce a condition 
where the thickness measurement produced in 
block 20 is accurate only when the web is in a 
45 predetermined passline position, and is in error .n a 
known manner when the passline varies. 

The system of the invention provides a conve- 
nient means for accommodating a passline variable 
system in that the ultrasonic transducers 20, 21 
so produce information which not only relates to the 
thickness of the web, but also its actual passline. 
Thus additional components in the processor 
means 32 are provided for the special case where 
the system is passline sensitive. A first of those 
55 components identified as block 1 25 in Fig. 5 deter- 
mines the passline deviation from one of the ultra- 
sonic transducer signals. In the illustrated example, 
the block 125 calculates the passline deviation APL 
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by comparing a known passline position PL stored 
in the processor with one of the ultrasonic distance 
signals d,. The stored measure PL is intended to 
represent the distance d, sensed by the ultrasonic 
transducer 21 when the web is in its preferred 
passline position. Thus, when the web » in the 
preferred passline, APL will be zero. However, 
whenever the web deviates from that passline posi- 
tion a positive or negative APL will be determined 

A second block 126 stores the function (such 
as in a table) relating thickness correction to pas- 
sline variation. As an example, assuming the func- 
tion is linear, it is possible to calibrate the system 
by positioning a web of the type intended to be 
measured first at one of the detectors, then at the 
other, determining measurements for both thic- 
knesses and calculating a passline correction func- 
tion f(APL) from those measurements. Such a cor- 
rection function is represented by the block 126. 
When a passline deivation APL is sensed by the 
block 125, that deviation is applied to the block 126 
to determine a thickness correction At w which 
should be applied to the thickness measurement 
determined by block 120. A block 128 thereupon 
determines a corrected thickness measurement t w - 
(corr) which is equal to the sum of the computed 
thickness measurement plus the correction function 
determined by block 126. The corrected function is 
then output to the display or processor 34. 

It is emphasized that passline deviation correc- 
tion is currently intended as an optional feature, 
and that most applications are expected to be 
satisfied with the thickness correction as deter- 

minPn in nmwwwinn hlnck 130 Hnw«u«r in thnsP 

applications where the passline interferes with one 
or more of the transducer signals, most likely with 
the transmission transducer signal, the additiona 
elements illustrated in Fig. 5 can be added without 
substantial additional cost (the transducer signals 
are already available) to yield the necessary accu- 
racy even in those difficult situations. The substan- 
tial versatility of the system according to the inven- 
tion will thus be appreciated. 

In its most typical application, a system in 
accordance with the invention will provide caliper 
measurements across the width of a running web 
In such a system, the traverse will be at a nominal 
speed, the signals from the sensors will be sam- 
pled at a predetermined rate, and new readings 
produced at predetermined increments as the 
scanner moves across the web. It has been found 
to be both possible and convenient using the sys- 
tem in accordance with the present invention to 
produce thickness measurements during traverse 
of at least five per inch as the scanning heads 
traverse the width of the web. In practicing the 
. invention, the sampling times for taking anaog 
signals from the sensors and passing them to the 



computer are coordinated such that the gap correc- 
tion provided by the processor relates pos.t.onaMy 
to the thickness measurements provided by the 
ultrasonic transducers. A currently preferred meth- 
s 0 d of accomplishing that that is to process the 
eddy current and ultrasonic transducer signals in 
an analog fashion to produce a single thickness 
measurement signal coordinated for gap dimen- 
sion, then to sample and digitize that corrected 
,o signal as needed. In a system utilizing digital pro- 
cessing, the signals from the eddy current sensor 
' and ultrasonic sensors are sampled in such a way 
that the eddy current sensor is measuring the gap 
at about the same time that the ultrasonic sensors 
, 5 are measuring the position of the web surfaces to 
produce continually updated and corrected infor- 
mation during the course of the traverse. 

With respect to accuracy, the difficulty or prac- ( .,. 
tical impossibility of configuring a mechanical sys- 
20 tern for high accuracy scanning of relatively thin 
webs was pointed out above. For example, it was 
pointed out that practical mechanical tolerances 
would not readily allow determining thickness of a 
nominal 100 mil web with an accuracy of about 
25 1%. Even assuming an "air profile" was used the 
non-systematic variations which can be expected in 
an industrial environment would render difficult if 
not impossible the achievement of such an accu- 
racy standard. 

30 However, in practicing the invention, the 

achievement of such an accuracy for a relatively 
thin 100 mil web can readily be achieved. Such a 
system can be configured utilizing an eddy current 
Jn.nr nrnrl,^ hv Kaman Model ROD to produce 
3 5 a 10 mv per mil signal which can be digitized with 
12 bit resolution to produce a digital resolution of 
0 24 mils Thus, the distance between the sensing ■ 
heads d, can be measured with substantial accu- 
racy commensurate with the desired total system 

40 accuracy. . , , 

The ultrasonic sensors can be obtained from 
Contaq Technologies of Bristol, Vermont and are 
capable of producing about an 0.7 mil resolution for 
a single reading. For a moving web, adding and 
45 averaging single measurements will improve reso- 
lutions as a regressive statistical function. For ex- 
ample, four sample averaging yields a resolution of 
0 59 mils. Thus, using a scanning rate of 3.3 inches 
per second (for traverse of the paired heads across 
so the web), and an 0.7 mil resolution for the ultra- 
sonic sensor, and four samples per reading, a 1 /. 
resolution of a 53 mil target is achievable. If the 
scanning rate is slowed to 2.5 inches per second a 
1% resolution of a 43 mil target is achievable. 
55 Utilizing that resolution for the ultrasonic sensors 
and an eddy current sensor whose resolution was 
discussed above, it is entirely possible to produce 
web caliper measurements on a runn.ng basis 
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which are more accurate than those achievable 
heretofore. Furthermore, such measurements are 
available at relatively inexpensive cost, considering 
the accuracy and resolution, and in a system ex- 
pected to be highly reliable and ruggedized for use 
in the industrial environment. 

The relative position of the sensors of Fig. 3 is 
also noteworthy. It is seen that the eddy current 
sensor 50 is arranged in a donut configuration with 
an aperture 50a of a size adequate to accom- 
modate the ultrasonic sensor 20. Thus, in the dual 
sensor head 12, a coaxial sensor arrangement is 
provided which has the ultrasonic sensor 20 ar* 
ranged in the center for direct transmission and 
receipt of reflected energy to and from the web, 
and the eddy current sensor 50a surrounds the 
ultrasonic sensor for providing an averaged reading 
of distance between the two scanning heads. As- 
suming that the scanning frames are such that the 
sensors are maintained in substantial face-to-face 
alignment, the accuracies for distance measure- 
ment disclosed above can be achieved. Further- 
more, a small degree of misalignment can be toler- 
ated, particularly in view of the coaxial arrangement 
discussed above. 

In some applications of the invention, adequate 
accuracy can be obtained with a significantly sim- 
plified system utilizing the coaxial feature of the 
dual sensor arrangement wherein one of the sensor 
types uses energy reflected by the web and the 
other uses energy to which the web is transparent. 
Such an arrangement can be utilized without the 
necessity for a second head in a backed web 
arrangement such as illustrated in Fig. 4. Fig. 4 
shows a scanning head 12 adapted for traverse in 
a bracket 40' for sensing the thickness of a web 16 
disposed with a surface 17 facing the head 12'. 
The second sensing head is eliminated and instead 
• a backing roll 100 is provided on which the web 16 
is supported. There is a substantial wrap of the 
web 16' over the roll so that the rear surface 18f of 
the web is in intimate contact with the smooth 
metallic surface of the roll 100. The coaxial sensor 
arrangement then utilizes the eddy current sensor 
50' to detect the distance to the surface of the roll 
100 and thereby a measure of the distance of the 
non-facing surface 18' of the web, whereas the 
ultrasonic sensor 20' provides a measure of the 
distance to the facing surface 17' of the web. Thus, 
a calculation is made in computer 32' (not shown in 
Fig 4) or the signals are processed in analog 
fashion' in a summing amplifier, to subtract the 
distance measured by the ultrasonic sensor 20 
from the distance measured by the eddy current 
sensor 50' to provide a measure of the thickness of 
the web 16' compensated for traversing variations 
or other non-systematic variations in distance be- 
tween the head 1? and the web 16'. The coaxial 



arrangement of the sensors is particularly important 
in this embodiment because any misalignment of 
the scanning head 12' will have a minimum impact 
on the central energy transmission and reflection 
5 for ultrasonic sensor 20' while providing an averag- 
ing of the distance measured by the outer concen- 
tric eddy current sensor 50'. Thus, the eddy current 
sensor 50' will provide a distance measurement for 
the distance to the non-facing surface '18' of the 
w web which averages at least a portion of the mis- 
alignment with respect to the ultrasonic measure- 
ment which is taken at the center of the coaxial 
sensor. Thus, even when slightly misaligned, the 
coaxial arrangement will provide more accurate 
75 readings of the caliper of the web 16". 

The coaxial arrangement illustrated in Fig. 4 
has the further advantage of compactness, and the 
ability to take samples of the distance from the 
head to the respective surfaces 17', 18- of the web 
20 at about the same instant in time and for about the 
same increment of web travel over the roller. Fur- 
thermore, the types of sensors utilized in the co- 
axial arrangement, i.e., an ultrasonic sensor for 
reflected energy and an eddy current sensor for 
25 energy to which the web is transparent, provide not 
only what is believed to be maximum reliability in 
such a system, but an arrangement which can be 
easily adapted to an existing machine roller (such 
as a calendar roll in a papermaking machine) to 
30 provide accurate, repeatable and reliable thickness 
measurements in a retrofit environment at an affor- 
dable cost. 

It will now be appreciated that what has been 
provided is an improved web caliper measuring 
35 apparatus. In its preferred form, a pair of scanning 
heads are provided for utilizing reflected energy 
from each of the surfaces of the web to determine 
web thickness. One of the measuring heads is 
provided with an energy sensing system utilizing 
40 energy to which the web is transparent for deter- 
mining the distance between the heads, thereby to 
compensate for variation in distance between the 
heads during traverse across the witdth of a web. 
Advantage can also be taken of the fact that the 
45 reflectance transducers provide passline informa- 
tion to make a passline correction when necessary. 

In a second form of the invention, advantage is 
taken of the coaxial arrangement of the reflected 
and transparent energy sensors to utilize only a 
so single coaxial pair cooperating with a backing roll 
to produce reasonably precise measurements of 
web thickness, in the case where a second sensor 
is impractical or undesirable. 



55 Claims 



1 A system for measuring the thickness t w of a 
running web (16) comprising, in combination: 
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a traversing scanning head (12) including 
first (20) and second (50) sensors. 

the first sensor (20) being a reflectance 
sensor for directing energy at the web (16) 
along a given path (20b) for reflection by the 5 
web and detecting reflections from a f.rst sur- 
face (17) of the web (16) along substantially - 
the same path (20b) thereby to determine the «■ 
distance d,, between the scanning head (12) 
and the first surface (17) of the web (16). "> 

the second sensor (50) being a transmis- 
sion sensor for projecting energy (51) through 
the web (16) and for detecting a reference 
means (23, 100) having a pre-determined rela- 
tionship with respect to a second surface (18) 75 
of the web (16) thereby, to determine the dis- 
tance between the scanning head (12) and the 
reference means, 

computer means (32) responsive to signals 
(30, 31) from the first (20) and second (50) 20 
sensors for producing a measure of the thick- 
ness t w of the web (1 6), 

CHARACTERISED IN THAT: 
the second sensor (50) coaxially surrounds 
the first sensor (20), 25 

the traversing scanning head (12) is ar- 
ranged for continuous traverse across the web 
(16) at a rate in the order of inches per sec- 
ond, and 

the computer means (32) is arranged to 30 
produce at least about five measurements of 
web thickness per inch of web width as the . 
scanning head (12) traverses the web. 

The combination as set forth in claim 1 .35 
wherein: 

the reflectance sensor (20) is an ultrasonic 
sensor for directing ultrasonic energy at the 
web (16) and detecting ultrasonic reflections 
from the first surface of the web along sub- 40 
stantially the same path (20b), and 

the transmission sensor (50) is an eddy 
current sensor and the reference means (23, 
100) is a conductive reference means. 

45 

3. The combination as set forth in claim 2 
wherein the conductive reference means com- 
prises: 

a second scanning head (13) mounted op- 
posite the first scanning head (12) and having so 
a conductive surface (23) defining said con- 
ductive reference, the eddy current sensor (50) 
in the first scanning head (12) being adapted 
to sense the distance d, between said first 
scanning head (12) and the conductive surface 55 
(23) of the second scanning head (13), and 

a second ultrasonic sensor (21) mounted 
in the second scanning head (13) for directing 



ultrasonic radiation at the second surface of 
the web along a second given path (21b) for 
reflection thereby, and detecting ultrasonic re- 
flections from the second surface (18) of the 
web (16) along substantially the same second 
given path (21b). 

The combination as set forth in claim 2 
wherein the conductive reference means (23, 
100) comprises a smooth metallic roller (100) 
for supporting the second surface (18) of the 
web (16), the eddy current sensor (50) in the 
first scanning head (12) being adapted to 
sense the distance d t to the surface of the 
metallic roller (100) and thereby to the sup- 
ported second surface (18) of the web (16). 

The combination as set forth in claim 3 ( 
wherein the computer means (32) further com- 
prises means (125) for determining the pas- 
sline of the web from at least one of the 
ultrasonic sensors (20, 21) and means (126) for 
producing a measure of the thickness of the 
web corrected for passline deviations. 

A non-contact caliper-type gauge for measur- 
ing the thickness of a running web (16), the 
gauge comprising, in combination: 

a pair of scanning heads (12, 13) mounted 
(10) for traverse on opposite sides of the web 
(16) to form a gap (14) of approximate pre- 
determined dimension therebetween, 

■ a reflectance transducer (20, 21) in each 



the distance (di. cfe) between the associated 
head (12, 13) and the facing surface (17, 18) of 
the web (16) by means of energy transmitted 
from the transducer (20, 21) along a given path 
(20b 21b) and reflected from the facing sur- 
face' (17, 18) of the web (16) for detection 
along substantially the same given path (20b, 
21b), 

a transmission transducer (50) positioned 
in one of the heads (12) for measuring the total 
gap dimension (d.) by means of energy (51) 
transmitted through the web (16), 

processing means (32) for determining and 
outputting web thickness measurements (d w ) 
based on the reflectance transducer (20, 21) 
determinations of the distance (di. d 2 ) to the 
respective surfaces (17, 18) of the web (16) as 
modified by the transmission transducer (50) 
determination of the total gap dimension (d,), 

CHARACTERISED IN THAT: 

the scanning heads (12, 13) are arranged 
for continuous traverse across the web (16) at 
a rate in the order of inches per second, and 

the processing means (32) is arranged to 
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determine at least five said web thickness 
measurements (d w ) per inch of web width dur- 
ing traverse of the scanning heads (12, 13). 

7. The combination as set forth in claim 6 5 
wherein the reflectance transducers (20, 21) 

are ultrasonic transducers adapted to direct 
pulses of ultrasonic energy at the web (16) and 
detect reflected ultrasonic energy from the fac- 
ing surface (17, 18) of the web (16), and the w 
transmission transducer (50) is an eddy current 
transducer mounted in one of the heads (12), 
and a conductive reference (23) in the second 
head (13) for sensing by the eddy current 
transducer (50) to provide an indication of the 75 
gap (d t ) between the heads (40, 41). 

8. The combination as set forth in claim 7 
wherein the ultrasonic transducer (20) and 
eddy current transducer (50) in said one of the 20 
heads (12) are coaxially arranged with the 
eddy current transducer (50) surrounding the 
ultrasonic transducer (20). 

9. The combination as set forth in claim 7 25 
wherein the ultrasonic transducers (20, 21) 
have outputs which are sampled during the 
traverse of the scanning head, and wherein 
multiple samples of the ultrasonic transducers 

(20, 21) are averaged to increase the accuracy 30 
of the web thickness measurements. 

10. The combination as set forth in claim 6 or 7 
wherein the .processing means (32) further in- 
cludes means (125) for determining deviations 35 
in the passline of the running web (16) from at 
least one of the reflectance transducers (20; 

21), and means (126) for correcting the web 
thickness measurements based on passline 
deviations. 40 

Patentanspriiche 

1. Anordnung zum Messen der Dicke t w einer 

laufenden Gewebebahn (16), enthaltend oder 45 
bestehend aus der Kombination der folgenden 
Merkmale: 

einem sich hin- und herbewegenden Abtast- 
kopf (12) mit einem ersten (20) und einem 
zweiten (50) Sensor, wobei der erste Sensor 50 
(20) ein Reflexionssensor ist zur Abgabe von 
Energie auf die Gewebebahn (16) entlang einer 
bestimmten Strecke (20b) zwecks Reflexion 
durch die Gewebebahn und Erfassung der Re- 
flexionen von einer ersten Oberflache (17) der 55 
Gewebebahn (16) entlang im wesentlichen der- 
selben Strecke (20b), wodurch der Abstand di 
zwischen dem Abtastkopf (12) und der ersten 



Oberflache (17) der Gewebebahn (16) be- 
stimmt wird, 

der zweite Sensor (50) ein Transmissionssen- 
sor ist zur Beforderung von Energie (51) durch 
die Gewebebahn (16) und zum Ermitteln eines 
Bezugsmittels (23, 100), das ein vorher festge- 
legtes Verhaltnis zu einer zweiten Oberflache 
(18) der Gewebebahn (16) hat, wodurch der 
Abstand zwischen dem Abtastkopf (12) und 
dem Bezugsmittel bestimmt wird, 
einem Computer (32), der auf Signale (30, 31) 
des ersten (20) und des zweiten (50) Sensors 
anspricht zur Erzeugung eines MaBes der Dik- 
ke t w der Gewebebahn (16), 
dadurch gekennzeichnet, dafl 
der zweite Sensor (50) den ersten Sensor (20) 
koaxial umgibt, der sich hin- und herbewegen- 
de Abtastkopf (12) zur kontinuierlichen Bewe- 
gung uber die Gewebebahn (16) hin mit einer 
Geschwindigkeit gemessen in der GroBenord- 
nung von Zoll pro Sekunde eingerichtet ist, 
und 

der Computer (32) so eingestelft ist, daB er 
mindestens etwa funf MeBwerte der Dicke der 
Gewebebahn pro Zoll Breite der Gewebebahn 
erzeugt, wahrend der Abtastkopf (12) sich uber 
die Gewebebahn bewegt. 

2. Kombination gemaB Anspruch 1 , worin 

der Reflexionssensor (20) ein. Ultraschallsensor 
ist, der Ultraschallenergie auf die Gewebebahn 
(16) richtet und Ultraschallreflexionen von der 
ersten Oberflache der Gewebebahn entlang im 
wesentlichen derselben Strecke (20b) erfaBt, 
und 

der Transmissionssensor (50) ein Wirbelstrom- 
sensor und das Bezugsmittel (23, 100) ein 
leitendes Bezugsmittel ist. 

3. Kombination gemaB Anspruch 2, worin das Jei- 
tende Bezugsmittel umfaBt oder besteht aus: 
einem zweiten Abtastkopf (13), der gegenuber 
dem ersten Abtastkopf (12) installiert ist und 
eine leitende Oberflache (23) hat, die dieses 
leitende Bezugsmittel definiert, wobei der Wir- 
belstromsensor (50) im ersten Abtastkopf (12) 
so beschaffen ist, daB er den Abstand d, zwi- 
schen dem ersten Abtastkopf (12) und der 
leitenden Oberflache (23) des zweiten Abtast- 
kopfes (13) abtastet, und 

einem zweiten Ultraschallsensor (21), der im 
zweiten Abtastkopf (13) installiert ist, urn Ultra- 
schallstrahlung entlang einer zweiten, vorgege- 
benen Strecke (21b) auf die zweite Oberflache 
der Gewebebahn zwecks Reflexion zu richten, 
und die Ultraschallreflexionen von der zweiten 
Oberflache (18) der Gewebebahn (16) entlang 
im wesentlichen derselben zweiten Strecke 
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(21b) zu erfassen. 

Kombination gemaB Anspruch 2, worin das lei- 
tende Bezugsmittel (23, 100) eine glatte Me- 
tal! walze (100) enthalt oder daraus besteht, die 5 
die zweite Oberflache (18) der Gewebebahn 
(16) stutzt, wobei der Wirbelstromsensor (50) 
im ersten Abtastkopf (12) so beschaffen ist, 
dafi er den Abstand d, zur Oberflache der 
Metallwalze (100) und somit zu der gestutzten, to 
zweiten Oberflache (18) der Gewebebahn (16) 
abtasten kann. 

Kombination gemaB Anspruch 3, worin der 
Computer (32) auBerdem ein Mittel (125) zur 75 
Bestimmung des Laufs der Gewebebahn von 
mindestens einem der Ultraschallsensoren (20, 
21) aufweist, sowie ein Mittel (126) zur Ermitt- 
lung eines um Laufabweichungen korrigierten 
. MeBwertes der Dicke der Gewebebahn. 20 

Beruhrungsfreie Tastlehre zur Messung der 
Dicke einer laufenden Gewebebahn (16), wobei 
die Lehre die Kombination der folgenden Merk- 
male enthalt oder daraus besteht: 25 
einem Paar Abtastkopfe (12, 13), installiert (10) 
zur Bewegung auf gegenuberliegenden Seiten 
der Gewebebahn (16), um einen Zwischen- 
raum (14) von in etwa vorher festgelegten Di- 
mensionen dazwischen einzuhalten, 30 
einem Reflexionswandler (20, 21) in jedem der 
Kopfe, der auf den Zwischenraum (14) gerich- 
tet ist, um den Abstand (di , d 2 ) zwiscben dem 

h»=»tre>ffftnH<=»n Knnf (A 9 1 nnr! d^r n^n^nilh^r- 

liegenden Oberflache (17, 18) der Gewebe- 35 
bahn (16) mittels vom Wandler (20, 21) entlang 
einer bestimmten Strecke (20b, 21b) ausge- 
sendeter und von der gegenuberliegenden Fla- 
che (17, 18) der Gewebebahn (16) reflektierter 
Energie zur Erfassung entlang im wesentlichen 40 
dersetben Strecke (20b, 21b) 
einem Transmissionswandler (50), der in ei- 
nem der Kopfe (12) positioniert ist, um mittels 
durch die Gewebebahn (16) gesendeter Ener- 
gie die Gesamtdimension des Zwischenraums 45 
(d,) zu messen, 

einem Prozessor (32) zur Bestimmung und 
Ausgabe der MeBwerte der Dicke der Gewebe- 
bahn (d w ), basierend auf den vom Reflexions- 
wandler bestimmten MeBwerten des Abstands 50 
(di , d 2 ) zu den jeweiligen OberfJachen (17, 18) 
der Gewebebahn (16), modifiziert durch die 
vom Transmissionswandler (50) bestimmte Ge- 
samtdimension (d,) des Zwischenraums, 
dadurch gekennzeichnet, dafi 55 
die Abtastkopfe (12, 13) zur kontinuierlichen 
Bewegung uber die Gewebebahn (16) mit ei- 
ner Geschwindigkeit in der GroBenordnung von 



Zoll pro Sekunde vorgesehen sind, und 
der Prozessor (32) so beschaffen ist, daB er 
mindestens funf MeBwerte der Dicke der Ge- 
webebahn (d w ) pro Zoll der Breite der Gewe- 
. bebahn bestimmt, wahrend die Abtastkopfe 
(12, 13) sich uber die Gewebebahn bewegen. 

7. Kombination gemaB Anspruch 6, worin die Re- 
flexionswandler (20, 21) Ultraschallwandler 
sind, ausgerustet zur impulsweisen Aussen- 
dung von Ultraschallenergie auf die Gewebe- 
bahn (16) und Erfassung der von der gegen- 
uberliegenden Oberflache (17, 18) der Gewe- 
bebahn (16) reflektierten Ultraschallenergie, 
und der Transmissionswandler (50) ein Wirbel- 
stromwandler ist, der in einem der Kopfe (12) 
installiert ist, und ein feitendes Bezugsmittel 
(23) im zweiten Kopf (13) zum Abtasten mittels 
des Wirbelstromwandlers (50), um den Zwi- 
schenraum (d t ) zwischen den Kopfen (40, 41) 
zu indizieren. 

8. Kombination gemaB Anspruch 7, worin der Ul- 
traschallwandler (20) und der Wirbelstrom- 
wandler (50) in dem einem der Kopfe (1 2) 
koaxial angeordnet sind, wobei der Wirbel- 
stromwandler (50) den Ultraschallwandler (20) 
umgibt. 

9. Kombination gemaB Anspruch 7, worin die Ul- 
traschallwandler (20, 21) MeBergebnisse lie- 
fern, die gepruft werdeh, wahrend der Abtast- 
kopf uber die Gewebebahn fahrt, und aus einer 

\/i<=»l7ahl ri&r ne>nri)ft(*n MftRwprtft Hpr I lltra- 

schallwandler (20,21) Durehschnittswerte gebil- 
det werden, um die Genauigkeit der Messun- 
gen der Bahndicke zu erhohen. 

10. Kombination gemaB Anspruch 6 oder 7, worin 
der Prozessor (32) auBerdem ein Mittel (125) 
beinhaltet zur Bestimmung von Abweichungen 
im Lauf der laufenden Gewebebahn (16) von 
mindestens einem der Reflexionsumwandler 
(20, 21), 

sowie ein Mittel (126) zur Korrektur der MeB- 
werte der Dicke der Gewebebahn bezogen auf 
Laufabweichungen. 

Revendications 

1. Systeme de mesure de Tepaisseur (t w ) d'une 
bande en deplacement (16) comprenant, en 
combinaison : 

une tete de balayage passante (12) com- 
portant un premier (20) et un second (50) 
capteur, 

le premier capteur (20) etant un capteur de 
reflectance pour diriger de I'energie sur la ban- 
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de (16) selon un trajet donne (20b) de telle 
sorte que celle-ci soit reflechie par la bande et 
detecter les reflections sur une premiere surfa- 
. ce (17) de la bande (16) selon sensiblement le 
meme trajet (20b) de maniere a determiner la 5 
distance (di) entre la tete de balayage (12) et 
la premiere surface (17) de la bande (16), 

le second capteur (50) etant un capteur de 
transmittance pour projeter de Penergie (51) a 
travers la bande (16) et pour detecter des io 
moyens de reference (23,100) etant relie a la 
seconde surface (18) de la bande (16) de 
facon predetermined de maniere a determiner 
la distance entre la tete de balayage (1 2) et les 
moyens de reference, 75 

des moyens de calcul (32) pour produire 
une mesure de Pepaisseur (t w ) de la bande 
(16) en reponse aux signaux (30,31) provenant 
des premier (20) et second (50) capteurs, 

caracterise en ce que le second capteur 20 
(50) entoure de facon coaxiale le premier cap- 
teur (20), 

la tete de balayage passante (12) est 
adaptee pour traverser en continu la bande 
(16) a une cadence de Pordre de plusieurs 25 
pouces (1 pouce = 2,54 cm)' par seconde, et 

les moyens de calcul (32) sont adaptes 
pour produire au moins environ cinq mesures. 
de Pepaisseur de la bande par pouce de lar- . 
geur de bande lorsque la tete de balayage (12) 30 
traverse la bande. 

2. Combinaison selon la revendication 1 dans la- 
quelle : 

le capteur de reflectance (20) est un cap- 35 
teur ultrasonique pour diriger une energie ultra- 
sonique sur la bande (16) et detecter des 
reflections ultrasoniques provenant de la pre- 
miere surface de la bande selon sensiblement 
le meme trajet (20b), et 40 

le capteur de transmittance (50) est un 
capteur de courant parasite et les moyens de 
reference (23,100) sont des moyens de refe- 
rence conducteurs. 

45 

3. Combinaison selon la revendication 2 dans la- 
quelle les moyens de reference conducteurs 
comportent: 

une seconde tete de balayage (13) dispo- 
see a I'oppose de la premiere tete de balaya- 50 
ge (12) et ayant une surface conductrice (23) 
definissant ladite reference conductrice, le cap- 
teur de courant .parasite (50) de la premiere 
tete de balayage (12) etant adapte pour detec- 
ter la distance (d t ) entre ladite premiere tete de 55 
balayage (12) et la surface conductrice (23) de 
la seconde tete de balayage (13), et 

un second capteur ultrasonique (21) dispo- 



se dans la seconde tete de balayage (13) pour 
diriger une radiation ultrasonique sur la secon- 
de surface de la bande selon un second trajet 
donne (21b) pour qu'elle s'y reflechisse, et 
detecter des reflections ultrasoniques prove- 
nant de la seconde surface (18) de la bande 
(16) selon sensiblement le meme second trajet 
donne (21b). 

4. Combinaison selon la revendication 2 dans la- 
quelle les moyens de reference conducteurs 
(23,100) comportent un rouleau metallique lis- 
se (100) pour supporter la seconde surface 
(18) de la bande (16), le capteur de courant 
parasite (50.) de la premiere tete de balayage 
(12) etant adapte pour detecter la distance (d t ) 
jusqu'a la surface du rouleau metallique (100) 
et done pour supporter la seconde surface (18) 
de la bande (16). 

5. Combinaison selon la revendication 3 dans la- 
quelle les moyens de calcul (32) comportent 
de plus des moyens (125) pour determiner la 
ligne de passage de la bande a partir d'au 
moins un desdits capteurs ultrasoniques 
(20,21) et des moyens (126) pour produire une 
mesure de I'epaisseur de la bande dont les 
deviations de la ligne de passage sont corri- 
gees. 

6. Jauge du type mesurant une epaisseur sans 
contact pour mesurer Pepaisseur d'une bande 
en deplacement (16), la jauge comprenant, en 
combinaison : 

une paire (10) de tetes de balayage 
(12,13) montee pour traverser des cotes oppo- 
ses de la bande (16) pour former une ouvertu- 
re (14) entre eux ayant une taille predetermi- 
nee approximative, 

une transducteur de reflectance (20,21) 
dans chaque tete dirige vers Pouverture (14) 
pour mesurer la distance (di ,d 2 .) entre la t§te 
associee (12,13) et la surface disposee en 
regard (17,18) de la bande (16) au moyen de 
Penergie transmise a partir du transducteur 
(20,21) selon un trajet donne (20b,21b) et refle- 
chie a partir de la surface en regard (17,18) de 
la bande (16) pour etre detectee selon sensi- 
blement le meme trajet donne (20b,21b), 

un transducteur de transmittance (50) posi- 
tionne dans Pune des tetes (12) pour mesurer 
la taille de Pouverture totale (d,) au moyen de 
Penergie (51) transmise a travers la bande 
(16), 

des moyens de traitement (32) pour deter- 
miner et sortir des mesures de Pepaisseur de 
la bande (d w ) basee sur les determinations 
effectuees par le transducteur de reflectance 
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(20,21) de la distance (di,d2) des surfaces 
respectives (17,18) de la bande (16) telles que 
modifiees par la determination effectuees par 
le transducteur de transmittance (50) de la 
taille de I'ouverture totale (d t ), 5 

caracterisee en ce que les tetes de ba- 
layage (12,13) sont disposees pour traverser 
en continu la bande (16) selon une cadence de 
I'ordre de plusieurs pouces par seconde, et 

les moyens de traitement (32) sont adap- 10 
tes pour determiner au moins cinq desdites 
mesures de Tepaisseur de la bande (d w ) par 
pouce d'epaisseur de bande au cours de la 
traversee des t§tes de balayage (12,13). 

75 

7. Combinaison selon la revendication 6 dans la- 
quelle les transducteurs de reflectance (20,21) 
sont des transducteurs a ultrasons adaptes 
pour dinger des impulsions d'energie ultrasoni- 

que sur la bande (16) et detecter Tenergie 20 
ultrasonique reflechie sur la surface (17,18) de 
la bande (16) en regard et le transducteur de 
transmittance (50) est un transducteur de cou- 
rant parasite dispose dans Tune des tetes (12), 
et uhe reference conductrice (23) dans la se- 25 
conde t§te (13) pour detecter par le transduc- 
teur de courant parasite (50) pour fournir One 
indication de I'ouverture (d t ) entre les tetes 
(40,41). 

30 

8. Combinaison selon la revendication 7 dans la- 
quelle le transducteur ultrasonique (20) et le 
transducteur de courant parasite (50) dans 

coaxiale, le transducteur de courant parasite . 35 
(50) entourant le transducteur ultrasonique 
(20). 

9. Combinaison selon la revendication 7 dans la- 
quelle les transducteurs ultrasoniques (20,21) 40 
comportent des sorties qui sont echantillon- 
nees durant la traversee de la tete de balaya- 
ge, et dans laquelle des echantillons multiples 

des transducteurs ultrasoniques (20,21) sont 
moyennes pour augmenter la precision des 45 
mesures d'epaisseur de la bande. 

10. Combinaison selon Tune des revendications 6 
et 7 dans laquelle les moyens de traitement 

(32) comportent de plus des moyens (125) 50 
pour determiner des deviations dans la ligne 
de passage de la bande en deplacement (16) 
a partir d'au moins un des transducteurs de 
reflectance (20,21), et des moyens (126) pour 
corriger les mesures d'epaisseur de bande ba- 55 
sees sur les deviations de la ligne de passage. 
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